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Summary : Bis-quaternary ammonium salts are used for the extraction of polyanions and show 
better extractive abilities than common phase transfer catalysts. 
Phase transfer catalysis (PTC) has now become a standard procedure in synthetic organic 
chemistry for reactions in which an anion reacts with the organic substrate [l]. The key factor 
in such PTC-processes is the catalyst. The most commonly used catalysts are quaternary 
ammonium- and phosphonium-salts (quats), crown-ethers, cryptates, open chain polyethers as well 
as arsonium- and triphenylsulfonium salts and polyamines. 
The utilization of bis-quaternary ammonium salts (bis-quats) in reactions with inorganic 
or organic bis-anions had been raised in discussions [2]. Experiments with bis-pyridinium salts 
were reported recently [3] but no systematic study on ordinary bis-quats has been published. we 
decided to examine the applicability of bis-quaternary ammonium salts for the extraction of a 
variety of polyanions. An additional motivation is to overcome the difficulties involved in the 
extraction of polyanions under PTC-conditions. We report our results on the extraction of 
aqueous solutions of sodium dichromate, sodium chromate, sodium molybdate, potassium 
ferrocyanide, potassium ferricyanide, disodium terephthalate and disodium phthalate with 
bis-quats and its use as phase transfer catalysts in alkylation reactions. 
For the classification of the extractive properties of bis-quaternary ammonium salts we 
have estimated the loading of those and of common catalysts with each anion under 
PTC-conditions. In all cases studied equal volumes of a 10s3 M solution of the catalyst in 
dichloromethane and a 10T2 M aqueous solution of the inorganic or organic salt were 
equilibrated during 10 min at room temperature. The W spectra of both phases were recorded. In 
addition atomic absorption estimations of the relevant metal present in the organic phase were 
performed. In the W estimations, the remaining concentration of the anion in the aqueous phase 
served for calculation of the loading of the catalyst (mol anion/ma1 catalyst). The calculated 
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values are presented in Table I. Moat of the rerrulte reported in Table I were calculated from 
the atomic absorption analyaie of the relevant metal present in the organic phase. In certain 
caeee only the reeultr of the W-VIS spectrum are reported. From the data in Table I, one can 
clee that four major groups of substrates were atudied. 
Chromate and dichromater concentration measurementr in the aqueous phase were made at 312 
nm for chromate and at 353 nm for dichromate. The absorption maximum and the structure of the 
spectrum of the organic phalre (Figure l), shows that the same specie8 is extracted from aqueour 
ohromate and dichromate solutions, probably HCr04-. The aaaignmente were controversial in the 
literature [4] and go beyond the limits of the present research. The data presented in Table I 
afford the following conclusions regarding the extraction of chromate and dichromate: 
1) The loading of the onium ion is independent on its lipophilicity but it doea depend on the 
hydrophilicity of the catalyat'e original counter anion [1,5]. 
2) In comparison with monovalent onium aalte, the bia-quaternary ammonium ealtr carry double 
the amount of anions into the organic phase. 
3) Loading value8 of more than one may be explained by the ameumption that the extracted 
specie8 io monovalent. 
4) TESA, PEO 400 and l&crown-6 do not extract Cr(V1). 
300 400 500 
Wavelength (nm ) 
w Superimposed W-VIS spectra of the organic phase after 10 min equilibration 
aqueous chromate (----I, dichromate ( - ) and the PTC catalyst. 
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Ferro- and ferricyanide: concentrtion measurements in the aqueous phase were made at 216 
nm for ferrocyanide and at 302 nm for ferricyanide and in the organic layer by atomic 
absorption. From the data it can be seen that: 
1) The more lipophilic ferrocyanide 161 is somewhat better extracted than ferricyanide. 
2) the loading of the oniun ion is dependent on its lipophilicity and not on the hydrophiliclty 
of the counter anion. 
Molybdate: (1) The loading of the onium ion is strongly dependent on the hydrophllicity of 
the catalyst's original counter anion. 
(2) In comparison with the monovalent onium salts, the bis-quaternary ammonium salt carries 255 
more of the anions into the organic phase. 
Phthalate and terephthalate: concentration measurements in the aqueous phase were made for 
phthalate at 238 nm and for terephthalate at 239 nm. Both bia-anions were extracted from 
alkaline solution. 0ot3N+(CH2)4N+Qct3 with hydrogensulphate as anion had extraordinary good 
extractive abilities. 
Further studies on the bia-quaternary ammonium salts are under way. 
acknowledgement A scholarship of the Minerva-Stiftung to M.L. is gratefully acknowledged. 
REFERNECES AND WOTES 
[ll E.V. Dehmlow and S.S. Dehmlow, "Phase Transfer Catalysis", 2nd revised ed., Verlag Chemie, 
Weinheim, 1983. 
[21 EUCHEM-Conference, Phase Transfer Catalysis and Related Topics, Gargnano, 1978. 
131 D.J. Brunelle, in C.M. Starks (Ed.), "Phase Transfer Catalysis", Am. Chem. Sot., Washington 
1987, p. 38. 
[4] J. Hala; 0. Navratil and V. Nechuta, J. Inorg. Nucl. Chem. 1966, 28, 553 
(51 E.V. Dehmlow and B. Vehre, J. Chem. Res. (S), 1987, 350. 
161 M.L. Navtanovich; L.A. Dzhanashvili and V.L. Kheifets, Zh. Org. Khim. 1978, 48, 1925. 
(Received in UK 2 February 1989) 
